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(57) Abstract 

A cryopump array (21) is described- Each vane (23) of the array (21) is coated with a 3-dimensional adsorbing structure 
made up or an adhesive (26) which is transparent to passage of gases to be pumped by adsorption and a plurality of pieces of an 
appropriate adsorbing material (24) adhered on top of one another. 
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CRYOPOMP 

DISCLOSURE 

R»ekoro\md of the Invent ion 

The present invention relates r.o cryogenic vacuum 
s pumping and. more particularly, to an apparatus and method 
for increasing the adsorbency of adsorbent pumping surfaces, 
ic specifically relates to two-stage cryogenic pumping and 
an adsorbent panel for such a pump. 

in high and ultra-high vacuum pumping, it is common to 
10 provide one or more adsorbent surfaces to "pump" certain 
gas«s via adsorption- Adsorption is a process by which a 
surface of a material retains via physical or chemical 
action another material which is brought into contact with 
It. (Adsorption is to be contrasted with absorption in 
IS which one material takes into the interior of the same 
another material.) It should be noted that it is 
adsorption, rather than absorption, when the surface of 
pores of a porous material retains another material. 

Two-sr.age cryogenic pumps are used to pump via 
20 condensation those gases which rnndense at a low 
temperature. and to pump via both adsorbency and 
condensation those gases which pump at an even lower 
temperature. These pumps typically include one or more 
condensing surfaces at an initial or first stage for pumping 
25 gases which will condense at the higher temperature, such as 
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- S ,er vapor and c^n dioxide, and panels cove, 
a a S orhin g serial, such as activated or «c"icial 

zeolite at a second stage to pump chose 3—- ' •» 

oxygen, nitrogen, argon, helium, hydrogen and neon, which 
5 „m b* condensed or be adsorbed at a lower temperature^ 
■ The first stage temperature typically is in the range of 
50 o-80»K. whereas the second stage is typically in the 
cemperaLure range of 10°-22°K. 

The adsorbent surfaces qenex-lly are a single layer. of 
an adsorbent material adhered with a suitable adhesive . -eh 
ae epoxy. to a panel or other substrate surface. The panel 
is maintained at the lower temperature and acts to cool the 
adsorbent material layer as well as conoense those gases 
which do not condense in the first stage ef the pump Hut 
15 will condense at its lower temperature. 

The capacity of most adsorbent materials ic quite 
limited. in general, a molecule or atom of a gas to be 
pumped must contact a surface of the adcorbent mater 3 al 
before it will be pumped. Once * particular portion of the 
surface of an adsorbent material hac pumped an adsorbent 
g *s, such surface is no longer available to pump additional 
atoms or molecules of the gas. For this reason the 
adsorbent material typically is provided ac a multitude of 
small pieces having microscopic pores to ixacrease the 
available surface area. These pieces are adhered as a 
single layer coding on a substrate with an adhesive- The 
adhesives used in the pant for this purpose, e.g. epoxy, can 
C over and shS«ld or. in other words. pac E iv at e a portion of 
t he available surface area nf the adsorbent material. One 
approach considered in the past to increase the capacity of 
cryogenic pumps is the concept simply of increasing the area 
within the pump which is coated with the single layer oT 
adcorbent material. The problem with this x. r.hat it 
increases the refrigeration load on the pump. The surface 
area made available for adsorbency has been optimized in the 
past with this in. mind. 
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While providing the adsorbent material over an opLin.ua, 
area a S a plurality of pieces having microccopic pore, is 
the standard way of dealing with the capacity problem, the 
pumps av.il.ble at the time of this invention often reqmre 
5 regeneration. In other words, as the surface of the 
adsorbent material gets "used", the capacity of the pump 
decreases to eueh an evtent that the adsorbent proce,, is 
discontinued, by the pump operator and the pump is ■ 
regenerated. That is, the operator terminate comumcation 
10 between Lhe pump and the volume being pumped, and brings the 
pump to a higher tempexature at which the adsorbent material 
surfaces will release the pumped gase*. Such gascc are then 
removed from the interior of the pump by standard 
techniques. The capacity of Lwo-stage cryopumps available 
15 before the infant invention ifi in the order of 15-20 
liters. That is, afcei pumping this volume of gas, the 
pumps must be regenerated. 

givmtna-ry of the Invention 

The present invention significantly increases adsorbent 
20 pumping capacity. This capacity is enhanced without the 
necessity of increasing the area within the pump which is 
coated with an adsorbent material. From the bred 
standpoint the invention includes the 3 -dimensional 
adsorbent Structure resulting from the combination of an 
2 5 adhesive which is transparent to passage of the gacee to be 
pumped by adsorption and a plurality of pieces of the 
. adsorbent material adhered to a subctrate on top of one 
another by such adhesive. The use of the transparent 
adhesive enables the pieces of adsorbent, material to pump iu 
30 spite of the presence of such adhesive. That is, while m 
Che past LUc traditional adhesive have resulted in 
passi var^on ot the surface areas of the adsorbent maternal 
- • covered by the adhesive, the use of the transparent adhesive 

prevents the same from affecting the adsorbency of such 
30 surface areas. Besides increasing capacity, since the 
invention does not rely on increasing the lateral size of 
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the panels or other coated surface, it is easily 
retrofit tabic into most existing pumps. 

As another major leacure of the instant invention. th« 
,-dimensional adsorbing "ructur. is provided with a 
5 sufficient thickness to form a natural temperature gradient 
in the direction of projected gas flow therethrough. That 
ie , the coating on the panel i. efficiently thick to 
provide a temperature gradient from the panel to the exposed 
coating surface. This natux.l temperature gradient 
10 increases the capacity of the pump. That is prior 
arrangements have suffered from molecular mobility loss of 
the gases to be adsorbed. This mobility loss is due to Che 
temperature of the adsorbent material b=ing sufficiently low 
to decrease the movement of the gases, causing a loss of 
15 diffucion of the same within the adsorbent. It wxll he 
recognized if the gases do not diffuse efficiently in the 
adsorbent, the capacity of the adsorbent material is 
underutilized. The temperature gradient provided- by the 
3 -dimensional adsorbent structure causes the gases which are 
20 not adsorbed on the surface, to be adsorbed as the gase* 
diffuse through the material. In this connection, those gas 
^l-cules which are not adsorbed on the surface because of 
their mobility will sutf er a mobility loss as they travel in 
the -.-dimensional adsorbent structure and thereafter be 
25 adcorbed when meeting an adsorbent surface. 

Other features and advantages of the invention either 
Will become apparent or will be described in connection with 
the following, more detailed description of a preferred 
embodiment of the invention. 



30 



gr uf Description of the D rawing 
with reference to the accompanying drawing: 

FIG. 1 is an 'isomeric view of a Lwo- S t ag e cryogenic 
pump incorporating the instant invention.- 
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FIG 2 is ^ enlarged schematic view illustrating in 
section, the construction of the 3-dimensiona 1 adsorbent 

structure of the instant invention; 

i . j aertional view similar to FIG. 2 
FTG- 3 is an enlaiged sectionai 

5 of a typical prior. art arrangement; and 

FIG. 4 is ^ exploded view of the preferred embodiment 

illustrated in FIG. X- 

The Hollowing relatively detailed description ia 
XO provided to satisfy the patent statutes However, 1t Wll3 
be appreciated by those skiD led in the art that various 
changes and modif icatione can be made without departing from 
the invention. The following description is exemplary, 
rather than exhaustive. 



15 



20 



25 



30 



A two-stoge cryogenic pump incorporating the invention 
is generally referred to with the reference numeral 11. 
Such pump includes an outer vacuum vessel 12 having a 
cylindrical opening at one end circumscribed by a mounting 
flange 13. Flange 13 includes typical bor«s 14 for 
securance of the same in accordance with sLandard practice 
via a gate valve or the like to a vacuum chamber to be 
pumped . 

VA^el 12 houses a conventional refrigeration cyl inder 
16 axially within the same. such' cylinder supports and 
provides the desired low temperatures no the first and 
second stage, ot the pump. In this connection in 
accordance with conventional practice the cylinder 16 «Ue 9 
on the condensation of helium to obtain the low 
temperatures. A compressor (not shown) supplies room 
temperature helium under pressure to the pump via connection 
17 , which helium is allowed to expand to provide coolmg for 
the two stages of the pump. 
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The first or, in other word, «1 stage of the p-p 

is Tn.de up of a radiation shield 16 which eupports an array 
21 of coaxial annular fin,. The array 21 pxo-des cno du-1 
unction of acting not only to provide an extended surface 
5 area for condensation at. the initial stage, but also to 
• protect the lower temperature condensation and adsorbent 
second stage fro* direct line-of -sight exposure to the ga*«s 
to be pumped. With respect to the latter, such ' « 
constructed to provide overlapping surface area, wMch block 
10 such liue-of-sight but yet permit passage therethrough of 
those gases which do not condense on the same. It ^ 
Uhermally coupled vi* the radiation shield ie to the cental 
area of the cylinder 16 so as to.be maintain*^ at 
temperature within the range uf so-BO-K. A -she, 22 mad 
15 of a good thermally conductive material, such as indium, is 
provided at the ph y sic a l connection of the shield to the 
cylinder 16 to assure good thermal conduction between the 
two The array 21 acts, in essence, as means positioned an 
the path ot the flow of gases to be pumped for condensing 
20 particular ones of ch« gases. 

The second stage of the pump includes an array, in this 
case eight, of condensing panels 23. The purpose of the 
condensing panels is not only to provide second stage 
condensing for those gases which will condense at a lower 
25 temperature, e.g., within the range of 10-22-K. but also to 
provide substrates for a coating of an adsorbent ^ial. 
That is, the exterior undarn^ch surface of each of the 
panels 2. is coated with a multitude of pieces of an 
adsorbent material . 

in keeping with the invention, the surface coating 
includes a multitude of pieces 24 of an ^^^^ 
which are adhered thereto on top of one another by an 
ad heaiv e 26 aE is illustrated in FIG - 2 . The adhesive ,s 
.elected to be transparent to the passage of the gases to be 
3, pumped by adsorption. The coating includes - sufficient 
" numL of pieces of the adsornent material so that pieces of 
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th* same are completely encompassed by the transparent 
adhesive. The interior prices of the adsorbent material are 
completely encompassed by the adhesive *nd the -torctxeoc 

between adjacent pieces are filled with the transparent 
5 adhesive This is to be contrasted with prior art 

arrangements in which care is taken to assure that 
significant surface are, of each of the pier** ot adsorbent 
material remains exposed for adsorption. 

A 3 -dimensional adsorbent structure ic provided by the 
1Q invention. The construction can be thought ol as a multi- 
layer adsorbent material construction, as opposed to the 
single layer construction which is conventional- A suitable 
mixture of both adsorbent pieces and * transparent adhesive 
is that sold by American Norrit Company, Inc., having a 
15 plac of busincce at 1050 Crown Point Farkway, SuiL* 500. 
Atlanta. Georqia, with the designation Norithene Plates. 
The pieces of adsorbent material in this mixture are pieces 
of activated charcoal. It will be recognized by those 
skilled in the field that pieces of other materials, s^ch as 
.artificial zeolite, which are adsorbent to the gases to be 
pumped can be used. The adhesive is an organic polymer 
reain. It also win be recognized by those skilled in the 
art that ether adhesivco can be selected which meet the 
criteria of being transparent to the gases to be adsorbed. 

AS a major feature of the invention, the ^-dimensional 
etructure of the invention, confronts molecules of gases 
which may be adcorbed with a 3 -dimensional adsorbing 
structure havinq a relatively significant thickness in the 
direction of gas flow. Those molecules having generally too 
much energy at the time o£ first contact with r.he adsorbent 
scrucme t o be adsorbed, will pass through the surface into 
the interior of the adcorbant structure. Insofar as the 
theory ot operation is concerned, it is believed these 
molecules will be slowed down by the structure and then 
captured by adsorption when they have an appropriate energy 
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.r.ate by couching an adsorbent surface within the interior 
of the structure. 



Most desirably, the adsorbent characteristics of the 
3-dimensional structure are enhanced by mamt^nrng a 
s e P erature gradient within the structure in the a«™ 
of L flow therethrough, i.e., between the r*nel 21 and the 
Exposed surface of the coating which is spaced away fro. 
Zl Panel by the thickness of such mating. It has been 
' 0 1 that 1st desirably the thickness of the adsorbent 
L0 ructure is such that the temperature o, the . exceed 
surface of the material most decirably at least 1 K 
"chex- chan that of the underlying panel. It is conjectured 
this differential aids in th e ^orbent 

process by providing a reverse temperature 
a, L adso.benc material throu.hout the structure, thereby 
cooperating with the mobility loss aspects of the 
3-dLensional structure discussed above, to assure 
adsorbency - 

The thickneoc of the coating will depend upon many 
.0 factor,, including the particular material that is used for 
" Idscrbency, the numher of Particles, the 

adhesive, etc The thickness is besr defied from 
sca nd P oint of this invenLion in terms of the temperature 
lc i6 desirable that the adsorbent structure have sufficient 
25 thicks to provide the surface spaced away from the panel 
wiLh a temperate* »s discussed above which is at least 1 K 
higher than the panel itself. 

Th- contraction of the invention ie schematically 
illustrated in FIG . 2. in the past it has been the pxactice 
,0 as show, in PIC- . to Strive to maintain the »*™^ 
material in a single layer of pieces on the panel 23 and to 

i ^ ^ *. » «..* - 

maintain the pieces on such panel. The adhere e used ,n 
the past, typically an epoxy, have passivated the adsuxb.n. 
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mirtaeea provided by the piece, of material, thereby 
reducing the arisorbency. 

Each of the panel* 23 is. in fact, provide by two 
separate panel halves .29 and 31 as is illustrated in PIG. 4. 
5 a top plate 32 fox che panel array is also provided with a 
indium plate connector 33 providing good thermal 
conductivity, between cuch plate and the remainder of the 
array. An L-bracket construction illustrated at 34 i« used 
co maintain the entire construction within the interior of 

10 the pump securely adhered in thermal conductive relationship 
to the upper end 36 of the refrigeration cylinder 16. Thus, 
such cylinder provides the desired lower temperature for the. 
-econd stage of the pump. It can be thought of as means for 
cooling the panelc of the invention as well as for cooling 

15 the array 21 of the first stage. Moreover. it is 
reaponcible for providing the temperature gradient through 
the 3 -dimensional adsorbent structure. 

It is to be noteH that except for Lhe invention 
aspects, the pump is a Cryo-Torr® pump available from CXI 
2 0 cryogenics, a Division of Helix Technology Corporation, 
having a place of. business at 266 Second Avenue. Waltha.n, 
Massachusetts. Its use with the invention emphasizes the 
retrofittable nature nf the invention. 

As mentioned at the beginning of the detailed 
25 description, Applicant is not limited to the specific 
embodiment described above. Various changes and 

modifications can be. made. The claims, their equivalents 
and their equivalent language define the scope of 
protection . 
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CLAIMS 

what is claimed is : 

l A /-.ryopump comprising the combination oft 

(a) means positioned in Che path of a flow of 
5 gneee to be. pumped for condensing particular ones of said 

gases, ^ ^ ^ eurface to be exposed to 

y * S es to be adsorbed, which surface is coated with * 
Multitude of pieces of an adsorbent material adhered chereto 
10 on top of on* another by ax, adhesive which is transparent to 
the passage of said g«>m> to be pumped by adeorption, 
thereby forming a 3-dimensional adsorbent structure; and 

■ (C ) means for cooling said condensing means and 
said panel. 

2 The pump of claim 1 wherein said structure is 
sufficiently chick to provide a temperature gradient from 
soid panel to that opposed surface of said structure spaced 
away by the thickness of said coating from said panel. 

3. The pump of claim 2 wherein said surface ie at a 

.t^r-v. at least 1°K higher than that of «aid 
7.0 temperature which is at a east j. y 

panel . 

4 The pump of claim 2 wherein said pieces of 
adsorbent material are selected from the group concieting of 
activated charcoal and artificial zeolite. 

5 Thc pump of claim 1 wherein said means for cooling 
a l co i'* responsible for a temperature gradient in the 
direction of eh. flow of gases through said coating between 
an exposed surlace thereof and said panel. 

6. Thc pump of claim 1 wherein said adhesive ic an 
30' organic polymer xeain. 
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n In apparatus for adsorbent pumping of gases 
which a multitude of pieces of an adsorbent material is 
adhered to a substrate, the combination of an adhesive which 
is transparent to passage of the gases to be pumped by 
adsorption and a plurality of oaid pieces adhered on top of 
one another by said adhesive Lo form a 3 -dimensional 
adsorbent structure. 

8 Tho apparatus of claim 7 wherein interstices 
between said adjacent pieces are filled with said 
transparent adhesive". . 

9 . The apparatus of claim 7 further including as part 
of said combination means for providinq a temperature 
gradient in . said 3 -dimensional adsorbent structure in the 
direction of intended gas flow therethrough. 

10. The apparatus of claim 9 wherein said means for 
providing a temperature gradient includes means for cooling 
said substrate to a desired low temperature and said 3- 
dimensional adsorbent structure extends away from said 
substrate in the direction of intended gas flow therethrough 

2 0 for a sufficient thickness to provide a surface spaced away 
from eaid substrate which is at least 1-K higher temperature 
than said substrate. 

11. The apparatus of elajm 7 wherein said adhesive is 
an organic polymer resin. 

25 12 . la a method of making a cryogenic pumping surface, 

the step of: 

forming an adsorbent surtace on a substrate by 
mating the latter with both an adhesive transparent, to 
paaflage of gases to be pumped by adsorption and a multitude 
30 of pieces of' an adsorbent material on top of one another, 
thereby providing a 3 -dimensional adsorbent structure. 
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13 The method of claim 12 vnerein ..id step of 
forming'includes provide * sufficient number of pieces o 
said adsorbent material on said substrate to for. a 
3 -dimensional adsorbent structure having pieces of saxd 

5 adsorbent material completely encompassed by said adhesw*. 

14 The method Of claim 12 wherein said step of 
forminc includes providing a sufficient number of pieces of 
said adsorbent material on said substrate to form . 
temperature gradient in S aid structure in the di.ect.on of 

10 flow ot gases through said coating between an exposed 
surface thereof and said substrate- 

15 An adsorbent panel for a oryopump having means 
positioned in the path of the flow of qases to be pumped for 
condensing. particular ones of said gases, comprising: 

15 (A) * substrate having a surface to be exposed to 

oases to be adsorbed; 

(B ) a coaLing of a multitude of pieces of a 
adsorbent material adhered on said surface on to P of one 
another by ax, adhesive which is transparent to the passage 
20 of gases to be pumped by adsorption, forming a 3-drmensronal 
adsorbent structure. 

16 The panel of claim 15 wh«rein said coating on said 
substrate is sufficiently thick to provide a temperature 
gradient from said substrate to that curface of said coating 

2S spaced away by the thickness of said coating from caxd 
substrate . 

17 The panel of claim 15 wherein interstices between 
sai d adjaenr. pieces are filled with said transparent 
adhesive . 

30 18 The panel of claim 15 wherein caid coating is 

sufficiently thick to maintain said surface at a 
which is at least l-K higher than that of san.d substrate. 
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19. The panel of claim 15 wherein said places of 
adsorbent: material are aelccted from the group confli sting ot 
activated charcoal and artificial zeolite. 

20. The panel of claim 15 wherein caid adhesive is an 
5 organic polymer resin. 
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